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(54) Color cathode-ray tube 

(57) The present invention provides a color cath- 
ode-ray tube that can attenuate vibration of an entire 
shadow mask positively with a simple structure. The 
color cathode-ray tuk)e comprises a frame-shaped mask 
frame 11 and a shadow mask 10 in which many aper- 
tures 12 are formed in a flat plate, the shadow mask 10 
being stretched and fixed in the mask frame 1 1 in a con- 
dition in which a tension force is applied in one direction. 
The amplitude in the end portions of the shadow mask 
10 is not less than a certain amount relative to the 



arnplitude in the center portion of the shadow mask 10. 
in a resonance of the shadow mask 10 caused by a 
vibration propagated to the color cathode-ray tube. Fur- 
thermore, by providing vibration attenuators 13 at the 
end portions of the shadow mask 10. vibrations at the 
end portions of the shadow mask 10 are attenuated as 
the skje surfaces of the shadow mask 10 slide on the 
vibration attenuators 13. Thus, vibration of the entire 
shadow mask 10 can be extinguished positively. 
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Description 

[0001] The present invention relates to a color cath- 
ode-ray tube used in televisions, computer displays, and 
the like, particularly to a color cathode-ray tube off the 
shadow mask type. 

[0002] Figure 1 5 shows a cross section of an example 
of a conventional color cathode- ray tube. The color 
cathode-ray tube 1 shown in this figure includes a sub- 
stantially rectangular face panel 2 having a phosphor 
screen 2a formed on its inner surlace, a funnel 3 con- 
nected to the back side of the face panel 2, an electron 
gun 4 housed in a neck portion 3a of the funnel 3, a 
shadow mask 6 positioned opposite to the phosphor 
screen 2a inside the face panel 2, and a mask frame 7 
for fixing the shadow mask. Furthermore, deflection 
yokes 5 for deflecting and scanning with electron beams 
are provided on the outer peripheral surface of the fun- 
nel 3. The shadow mask 6 plays a roie of color selection 
for three electron beams that are emitted from the elec- 
tron gun 4. The letter A indicates a path of an electron 
beam. 

[0003] In recent color cathode-ray tubes, in order to 
reduce reflection of external light and make a good 
appearance, the surface of the face panel has been 
made flat as shown in Figure 15. As the face panel has 
a flatter surface, the shadow mask also has a flatter sur- 
face. As the surface off the shadow mask becomes flat- 
ter, the flatness of the shadow mask cannot be 
maintained only by supporting the body of the shadow 
mask with a frame. 

[0004] Furthermore, when being supported only with 
a frame, the shadow mask is vibrated easily by a vibra- 
tion from the outside, and the display image of the color 
cathode-ray tube is adversely affected. Therefore, as 
shown in Figs. 16(a)-(b), a certain amount of tension is 
applied to the shadow mask (in the direction of the 
arrows) to stretch and fix the shadow mask in the flame. 
[0005] On the other hand, during a doming phenome- 
non in which the surface of a shadow mask is deformed 
due to thermal expansion caused by electron beams 
crashing into the shadow mask, as the surface of the 
shadow mask becomes flat, displacement o1 an elec- 
tron beam due to the doming increases, particularly in 
the vicinities of both ends of the image plane. Thus, in 
the stretching and fixing of a shadow mask as men- 
tioned above, a practical maximum level of tension 
close to an elastic limit is applied to the shadow mask to 
absorb the thermal expansion caused by the crashing 
electron beams. 

[0006] By such stretching and fixing, even when the 
temperature of the shadow mask Increases, a discrep- 
ancy in the conresponding positions of the aperture fbr 
passing an electron beam in the shadow mask and off 
the phosphor dot on the phosphor screen can be pre- 
vented. 

[0007] A shadow mask that is stretched and fixed is 
called a tension-type shadow mask. The tension-type 



shadow mask includes an aperture grill type in which 
many thin elements are stretched, a slot type in which 
many approximately rectangular apertures for passing 
electron beams are formed in a flat plate, and a dot type 

5 in which many circular apertures fbr passing electron 
beams are formed in a flat plate. 
[0008] Furthermore, for stretching and fixing a shadow 
masK there are one-dimensional and two-dimensional 
tension methods. The one-dimensional tension method 

10 is a method in which a tension is applied only in the lon- 
gitudinal direction (up-and-down direction) of the 
shadow mask as shown in Fig. 16(b). and the two- 
dimensional method is a method in which a tension is 
applied in both the longitudinal and transverse direc- 

15 tions as shown in Fig. 16(a). In the aperture grill type, 
the one-dimensional method is employed, and in the 
slot or dot type, the one-dimensional or two-dimensional 
method is employed. 

[0009] As mentioned above, irregular color due to 
20 doming phenomenon can he prevented in the tension- 
type shadow mask. However, vibration of the shadow 
mask due to a vibration propagated from outside such 
as from a speaker cannot be restrained connpletely only 
by a tension applied to the shadow mask. 
25 [0010] Therefore, in order to decrease the vibration of 
a shadow mask, a damper wire may be extended on the 
surface of the shadow masK or may be welded onto the 
surface of the shadow mask. However, when using such 
a damper wire, its shadow is reflected in the display 
30 image of the color cathode- ray tube, so that the image 
quality is decreased. Various measures have been pro- 
posed up to the present to absorb vibration without 
causing such problems. 

[001 1 ] For example, Publication of Unexamined Japa- 
35 nese Patent Application (Tokuhyo) No. HEI 3-500591 
has proposed a vibration attenuator comprising a rigid 
body fixed at a peripheral part of a shadow mask and a 
resistive body that is connected to the rigid body and is 
separate from the shadow mask. By providing such a 
40 vibration attenuator, vibration energy is extracted from 
the shadow mask by the rigid body integral with the 
shadow mask, and the extracted vibration energy is 
transmitted to the resistive body to be extinguished. 
[0012] However, a conventional color cathode-ray 
45 tube having the above-mentioned vibration attenuator 
has problems as follows: 

(1) In the above-mentioned vibration attenuator, the 
rigid body is integrated with the shadow mask by 

so welding or the like. Thus, the rigid body itself does 
not serve to extinguish vibration energy, but it is 
merely a means for extracting vibration energy. The 
extracted vibration energy can be extinguished only 
when it is transmitted to the resistive body that is 

55 provided separately Such a vibration attenuator 
has a complicated configuration, which leads to 
problems in cost performance and productivity. 

(2) Furthermore, although the vibration attenuator 
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is attached to a peripheral portion of the shadow 
mask where no aperture is formed, the shadow 
mask does not always vibrate at the peripheral por- 
tion depending on the Irequency of the vibration 
propagated from outside. For example, in the case 
of a distribution of vibration in which the amplitude 
is the largest in the center portion of the shadow 
mask but there is almost no vibration In the right 
and left peripheral portions, even when a vibration 
attenuator is provided at a peripheral portion of the 
shadow mask, it cannot extract and absorb vibra- 
tion energy from the shadow mask, and its effect of 
attenuating vibration of the shadow mask cannot be 
obtained sufficiently. 

[001 3] The present invention aims to solve the above- 
mentioned conventional problems, and has an object to 
provide a color cathode-ray tube in which vibration of an 
entire shadow mask can be attenuated positively with a 
simple structure. 

[0014] In order to achieve the akxjve object, the 
present invention provides a first color cathode-ray tube 
comprising a frame-shaped mask frame and a shadow 
mask in which many slot or dot apertures are formed in 
a flat plate, the shadow mask being stretched and fixed 
in the mask frame in a condition in which a tension 
stress is applied in one direction, wherein the amplitude 
In the end portions of the shadow mask is not less than 
a certain amount relative to the ampfitude in the center 
portion of the shadow mask, in a vibration mode of the 
seventh or less order for a resonance of the shadow 
mask caused by a vibration propagated to the color 
cathode-ray tube. According to such a color cathode>ray 
tube, the maximum value of displacement of the 
shadow mask due to its vibration can be decreased. 
[001 5] In the first color cathode-ray tube, it is prefera- 
ble that the amplitude in the end portions of the shadow 
mask is not less than 20 % with respect to the amplitude 
in the center portion of the shadow mask. 
[0016] Furthermore, it is preferable that the tension 
stress in the center portion of the shadow mask is larger 
than the tension stress in the end portions of the 
shadow mask. By having such a distribution of tension, 
the maximum value of displacement of the shadow 
mask due to its vibration can be decreased, in a reso- 
nance of a lower order mode at which the amplitude 
becomes large. 

[0017] In a preferable color cathode-ray tube in which 
the tension stress in the center portion of the shadow 
mask is larger than the tension stress in the end por- 
tions of the shadow mask, when the tension stress in 
the center portion of the shadow mask is a 1 and the 
tension stress in the end portions of the shadow mask is 
a 2. it is preferable to satisfy the following relationship 

a 1 1.1 a 2. 

[0018] Furthermore, it is preferable that there is a 



maximum value of tension stress between the center 
portion and the end portions of the shadow mask. By 
having such a distribution of tension, the maximum 
value of displacement of the shadow mask due to its 

5 vibration can be decreased, in a resonance of a lower 
order mode at which the amplitude becomes large. In a 
preferable color cathode-ray tube in which there is a 
maximum value of tension stress between the center 
portion and the end portions of the shadow mask, when 

10 the tension stress in the center portion of the shadow 
mask is a 1 . the tension stress in the end portions of the 
shadow mask is a 2, and the tension stress in the inter- 
mediate portions between the center portion and the 
end portions is a 3, it is preferable to satisfy the fbllow- 

15 ing relationships 

a 3 s 1.1 a 1, 
a 2 ^ a 1. and 

20 

o 3 g a 2. 

[001 9] Next, the present invention provides a second 
color cathode-ray tube comprising a shadow mask and 

25 a mask frame for fixing the shadow mask, the.shadow 
mask being fixed in the mask frame in a condition in 
which a tension is applied, which is provided with a 
vibration attenuator that is in contact with an end portion 
of the shadow mask and formed of an elastic body, and 

30 in which vibration of the shadow mask is attenuated as 
the shadow mask slides on the vibration attenuator. 
According to such a color cathode-ray tube, when the 
shadow mask vitxates. it slides on the vibration attenu- 
ator, so that the vibration energy is consumed by friction 

35 due to the sliding. 

[0020] In the second color catiiode-ray tube, it is pref- 
erable that the vibration attenuator is in contact with an 
end portion of the shadow mask, applying an in-plane 
force to the shadow mask. According to such a color 

40 cathode-ray tube, when the shadow mask vibrates, the 
vibration attenuator can attenuate the vibration while 
being in contact with the shadow mask constantly. 
[0021 ] Furthermore, it is preferable that a dead weight 
for adjusting the effect of attenuating vibration of the 

45 shadow mask is attached to the vibration attenuator. 
According to such a color cathode-ray tube, the in-plane 
force that is applied to the shadow mask can be 
adjusted relatively easily by the dead weight. 
[0022] Furthermore, it is preferable that the in-plane 

50 force is in the riange of 0.3 to 3.0 gf. This range is pref- 
erable because of tiie following reasons: If the in-plane 
force is less than 0.3 gf. a frictional force necessary for 
the attenuation is not ensured. On the otiier hand, if the 
in-plane force is more than 3.0 gf, the frictional force 

55 becomes too strong, so that the end portions of the 
shadow mask may be fixed. In this case, the end por- 
tions become nodes of vibration, and the vibration is 
transferred to the center portion of the shadow masK 
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thus making the vibration even larger. 
[0023] Furthermore, it is preferable that the vibration 
attenuator is in contact with a side surface of the 
shadofw mask. 

[0024] Furthermore. It is preferable that the vibration s 
attenuator is inserted through a hole formed in an end 
portion of the shadow mask. 

[0025] Furthermore, it is preferable that the shadow 
mask is a flat plate in which many slot or dot apertures 
are formed, and in which a tension is applied in one 
direction. 

[0026] Furthermore, it is preferable that the amplitude 
in the end portions of the shadow mask is not less than 
a certain amount relative to the amplitude in the center 
portion of the shadow mask, in a vibration mode of the 
seventh or less order for a resonance of the shadow 
mask caused by a vibration propagated to the color 
cathode-ray tube. According to such a color cathode-ray 
tube, by positioning the vibration attenuator in an end 
portion, the vibration of the entire shadow mask can be 
attenuated effectively. 

[0027] Next, the present invention provides a third 
color cathode-ray tube comprising a shadow mask and 
a mask frame for fixing the shadow mask, the shadow 
mask being fixed in the mask frame in a condition in 
which a tension is applied, which is provided with a 
vibration attenuator attached to the shadow mask, and 
in which the vibration attenuator does not have any por- 
tion adhering to the shadow mask and also is movable. 
[0028] According to such a cathode-ray tube, when 
the shadow mask vibrates, the vibration attenuator does 
not vibrate integrally with the shadow mask, but vibrates 
separately and independently from the shadow mask, 
while repeating contacting and sliding with the shadow 
mask or temporarily being separated therefrom. Thus, 
vibration energy of the shadow mask is consumed by 
the friction caused by such contacting and sliding 
between the shadow mask and the vibration attenuator, 
so that the vibration of the shadow mask can be attenu- 
ated. 

[0029] In the third color cathode-ray tube, it is prefer- 
able that the vibration attenuator is Inserted through a 
hole formed in the shadow mask. According to such a 
color cathode-ray tube, the vibration attenuator can be 
attached to the shadow mask in such a way It is nruyva- 
ble with a simple structure. 

[0030] Furthermore, it Is preferable that the vibration 
attenuator is a ring-shaped member. 
[0031] Furthermore, it is preferable that the vibration 
attenuator is a frame-shaped member. 
[0032] Furthermore, it is preferable that the mass of 
the vibration attenuator is in the range of 0.02 to 5.0 g. 
This range is preferable because of the following rea- 
sons: If the mass is less than 0.02 g, a frictlonal force 
necessary for the attenuation is not ensured. On the 
other hand, if the mass is more than 5.0 g. vibration at 
the attached portion may be restrained from the begin- 
ning, and in this case the vibration is transferred to other 



portions. 

[0033] Furthermore, it is preferable that the vibration 
attenuator is attached to a portion of the shadow mask 
where no apertures for passing electron beams are 
formed. 

[0034] Furthermore, it is preferable that the vibration 
attenuator is attached to a portion of the shadow mask 
where apertures for passing electron beams are 
formed. 

[0035] Furthermore, it i.s preferable that a second 
vibration attenuator other than the above-mentioned 
vibration attenuator (first vibration attenuator) is pro- 
vided for attenuating the vibration of the first vibration 
attenuator by contacting with it when it is vibrating. 
According to such a color cathode-ray tube, the effect of 
attenuating vibration can be more enhanced. 
[0036] Furthermore. It is preferable that the shadow 
mask is a flat plate In which many slot or dot apertures 
are formed and a tension is applied in one or two direc- 
tions. 

[0037] Furthermore, it is preferable that the amplitude 
in the end portions of the shadow mask is not less than 
a certain amount relative to the amplitude in the center 
portion of the shadow mask, in a vibration mode of the 
seventh or less order for a resonance of the shadow 
mask caused by a vibration propagated to the color 
cathode-ray tube. According to such a color cathode-ray 
tube, by positioning the vibration attenuator in an end 
portion, vibration of the entire shadow mask can be 
attenuated effectively. 

[0038] In the following, embodiments of the present 
invention will be desaibed in detail below with reference 
to drawings, in which: 

Rg. 1 is a perspective view showing an embodi- 
ment of an assembly of a shadow mask and a mask 
frame according to the present invention; ' 
Rg. 2 illustrates an example of a condition of vibra- 
tion of a shadow mask according to a first embodi- 
ment of the color cathode-ray tube of the present 
Invention: 

Rg. 3 Illustrates a preferable pattern of a resonance 
of the shadow mask according to the first embodi- 
ment of the color cathode-ray tube of the present 
invention: 

Rg. 4 illustrates another preferable pattern of a res- 
onance of the shadow mask according to the first 
embodiment of the color cathode-ray tut>e of the 
present invention: 

Rg. 5 illustrates a non-preferable pattern of vibra- 
tion of a shadow mask of a color cathode-ray tube 
according to a comparative example: 
Rg. 6 illustrates an example of the vibration condi- 
tion of a shadow mask of a color cathode-ray tube 
according to a comparative example; 
Rg. 7 illustrates an example of the vibration condi- 
tion of a shadow mask in a color cathode-ray tube 
according to a conparative example; 
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Fig. 8 illustrates an example of the vibration condi- 
tion of a shadow mask according to a second 
embodiment of the color cathode-ray tube of the 
present invention; 

Rg. 9 is a perspective view showing an embodi- s 
ment of an assembly of a shadow mask and a mask 
frame according to a third embodiment of the 
present invention; 

Fig. 10 is a cross-sectional view taken along the 
line I - i of Fig. 9; 

Fig. 11 is a perspective view showing an embodi- 
ment of an assembly of a shadow mask and a mask 
frame according to a fourth embodiment of the 
present invention; 

Fig. 12 is a perspective view showing an embodi- 
ment of an assembly of a shadow mask and a mask 
frame according to a fifth embodiment of the 
present invention; 

Fig. 13 is a perspective view showing an embodi- 
ment of an assembly of a shadow mask and a mask 
frame according to a sixth embodiment of the 
present invention; 

Rg. 14 is a cross-sectional view taken along the 
line II -II of Fig. 13; 

Fig. 15 IS a cross-sectional view of an exanple of a 
conventional color cathode-ray tube; and 
Fig. 16 shows directions of tension in conventional 
color cathode-ray tubes. 

[0039] The shadow mask of a color cathode-ray tube 
as described below is a flat plate mask, and the same 
configuration of the color cathode-ray tube described 
above with reference to Fig. 15 Is used in the following 
embodiments. 

First Embodiment 

[0040] Fig. 1 shows a perspective view of an assembly 
of a shadow mask and a mask frame according to the 
first emi}odiment. This figure shows a condition in which 
a shadow mask 10 is stretched and fixed in a mask 
frame 11. 

[0041] The mask frame 1 1 of this embodiment has a 
rectangular shape and is formed of two frames 1 la for 
right and left and two frames 1 lb for top and bottom. In 
this embodiment, the one-dimensional tension method 
is employed, and a tension stress is applied to the 
shadow mask 10 in the up-and-down direction (the 
direction of an arrow Y). 

[0042] Furthermore, the shadow mask shown in this 
figure is a flat plate of slot type. Although only a part of 
them is illustrated in this figure, many approximately 
rectangular apertures 12 for passing electron beams 
that are regularly arranged are formed in the shadow 
mask 10. 

[0043] When the tension stress in the center portion 
of the shadow mask is a 1 and the tension stress in the 
end portions of the shadow mask is a 2. an inequality 



(1 ) below preferably is satisfied 

a1s1.1a2. (1) 

[0044] As an example of a shadow mask having such 
a distribution of tension stress, Fig. 2 shows an analysis 
of the vibration modes for a shadow mask in which the 
tension stress a 1 at the center portion is 140 % of the 
tension stress a 2 at the end portions (a 1 = 1.4 a 2). 
The shadow mask used herein was an tnver material 
(36 % Ni-Fe alloy) of 29 type (68 cm) with an aspect 
ratio of 4:3 and with a tiiickness of 100 ^m, and the 
amount of the tension applied to the shadow mask was 
5 to 50 % of the yield stress. 

[0045] The transverse axis in Fig. 2 indicates a posi- 
tion of the shadow mask in the right-to-left direction 
(horizontal direction on the image plane), and its right 
and left ends correspond to the right and left side sur- 
faces of the shadow masK and the point of intersection 
between the longitudinal and transverse axes corre- 
sponds to the center point of the shadow mask in the 
right-to-left direction. The longitudinal axis indicates dis- 
placement of the shadow mask in the up-and-down 
direction. The solid line represents displacement in a 
horizontal tine on the shadow mask at which displace- 
ment becomes the maximum. Each portion of the 
shadow mask on this horizontal line vibrates in the up- 
and-down direction over the range indicated between 
the solid line and the two-dot chain line (amplitude) dur- 
ing a cycle. 

[0046] Furthermore, with respect to the value of ampli- 
tude, each drawing of Fig. 2 is normalized by determin- 
ing the maximum value of amplitude as one. so that the 
node and antinode of vibration of the shadow mask in 
the right-to-left direction can be seen easily. Therefore, 
the size of the amplitude cannot be compared generally 
with each drawing of vibration mode. The above expla- 
nation for Figs. 2 also is applied to Figs 6 to 8. 
[0047] Figs. 2 (a) to (g) show the first-order mode, the 
secondHDfder mode, and from there through the sev- 
enth-order modes of vibration of the shadow mask in 
right-to-left direction, respectively. The first-order mode 
herein refers to the first peak of frequency (resonance 
point) at which, when vibrations with different frequen- 
des are added at a constant acceleration, a vibration 
larger tiian the acceleration (resonance) is generated. 
[0048] The second peak and thereafter are In order 
referred to as the second-order mode, the third-order 
mode, and so fortii, respectively. That is. with regard to 
the vibration of the shadow mask, if the rigidity (Young's 
modulus and Poisson's ratio, etc.) of the shadow masK 
the amount of tension, and the mass of the shadow 
mask are determined, the vibration mode and the reso- 
nance frequency of the shadow mask can be deter- 
mined by calculations. Thus, such an analysis can be 
performed. 

[0049] As is understood from Fig. 2. in the case of the 
shadow mask of this embodiment, in any mode up to 
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the seventh-order mode, the vibration at the end por- 
tions is not less than a certain amount with respect to 
the vibration at the center portion. Figs. 3 and 4 show 
examples of such a vibration pattern in which the vibra- 
tion at the end portions is not less than a certain amount 5 
with respect to the vibration at the center portion. Fig. 5 
shows an opposite pattern in which the shadow mask 
vibrates only at the center portion but does not vibrate at 
the end portions. 

[0050] In Figs. 3 to 5. (a) represents displacement in 
each portion of the shadow mask in the right-to- 1 eft 
direction (horizontal direction on the image plane), and 
(b) represents displacement in each portion of the 
shadow mask in the longitudinal direction (vertical direc- 
tion on the image plane). The relationship between the 
solid line and the two-dot chain line is the same as in 
Fig. 2. However, the amplitude in each drawing is not 
normalized as in Fig. 2, so that the size of the amplitude 
can be compared with each of the drawings. Moreover, 
although the amplitude in the center portion is smaller 
than the amplitude in the end portions in Figs. 3 and 4, 
as a result of investigation by the inventors, it was found 
that as long as the anplitude in the end portions is not 
less than 20 % of the amplitude in the center portion, a 
decrease in the image quality due to the amplitude of 
the shadow mask does not become a practical problem 
because of the location of the node of vibration. 
[0051] As is apparent from each drawing, in the vibra- 
tion patterns of Figs. 3 and 4, the space between the 
nodes of vibration of the portion having the largest 
vibration is smaller than the length of the shadow mask 
in the right-to-left direction. This is more conspicuous in 
the pattern of Fig. 4 than in the pattern of Fig. 3. How- 
ever, when the shadow mask vibrates only at the center 
portion but does not vibrate at the end portions as in 
Fig. 5. the space between the nodes of the vibration 
becomes approximately equal to the length of the 
shadow mask in the right-to-left direction, so that the 
amplitude of the vibration becomes the largest. 
[0052] Therefore, by having a vibration pattern in 
which the vibration at the end portions of the shadow 
mask is not less than a certain amount with respect to 
the vtoration at the center portion as shown in Figs. 3 
and 4. the maxinuim amplitude of the shadow mask can 
be decreased. 

[0053] As comparative examples to confirm the effect 
of this embodiment. Fig. 6 shows the resuK of mode 
analysis of a case in which the tension stress of the 
shadow mask is constant in the right-to-left direction, 
that is. a 1=a 2; and Frg. 7 shows the result of mode 
analysis of a case in which the tension stress in the end 
portions is twice the tension stress in the center portion, 
that is. a 1<a 2. which is the opposite to this embodi- 
ment. 

[0054] As is evident from Figs. 6 and 7. in the case of 
a Iso 2, a pattern as shown in Fig. 5, in which the 
amplitude of the shadow mask becomes large and the 
vibration at the end portions of the shadow mask is not 



more than a certain amount, is developed in the sixth- 
order mode (Fig. 6 (f)). and in the case of a 1<a 2. the 
pattern is generated from the first-order mode (Fig. 
7(a)). 

[0055] In the pattern of the sixth-order mode in Fig. 6, 
the amplitude in the end portions is about 13 % of the 
amplitude in the center portion, so that it does not sat- 
isfy the above-mentioned condition for vibration having 
no practical problem in which the amplitude in the end 
portions is not less than 20 % with respect to the ampli- 
tude in the center portion. As mentioned below, when a 
color cathode-ray tube of 33 type (78 cm) was actually 
produced, its vibration was observed with the naked 
eye. and thus it was not suitable for practical use. More- 
over, in Fig. 7, it was confirmed that the end portions of 
the shadow mask became the nodes of vibration almost 
completely in the first-order mode and the shadow mask 
vibrated largely. Thus, it was not in a level that was suit- 
able for practical use. 

[0056] The resonance of the shadow mask appears 
more clearly in a lower-order mode, beginning with the 
first-order mode in which generation of a resonance is 
most conspicuous. Therefore, it is understood that the 
amplitude of the shadow mask is small in this embodi- 
ment, in which such a pattern as shown in Rg. 5 is not 
developed in the seventh or lower order mode, which is 
easily recognized as a deterioration of the image quality 
in a practical use, compared with the above-mentioned 
two examples (Figs. 6 and 7). That is. it is understood 
that the amplitude of the shadow mask of this embodi- 
ment is also small when compared with the case of uni- 
form distribution of tension, which is considered as a 
general distribution of tension in a mask having one- 
dimensional tension. 

[0057] Moreover, although the case of ct 1 = 1.4 a 2 
has been desaibed in this embodiment, as long as the 
tension stress in the center portion off the shadow mask 
is larger than the tension stress in the end portions, the 
same effect of attenuating vibration as this embodiment 
can be obtained. However, the effect is more ensured 
when an inequality ofa1^l.1a2is satisfied. Moreo- 
ver, the ratio between o 1 and o 2 may be determined as 
appropriate at least in the range of a 1>o 2 depending 
on the size and the aspect ratio of the shadow mask, 
material of the shadow masK the amount of the tension 
stress, and the form of the surface of the shadow mask 
(flat or cylindrical, etc.). 

Second Embodiment 

[0058] The second emtxxiiment also relates to a 
shadow mask using the one-dimensional tension 
method as in the first embodiment. As shown in Fig. 1 , 
the tension stress is applied to the shadow mask 10 in 
the up-and-down direction (direction of the arrow Y). 
When the tension stress in the center portion of the 
shadow mask is a 1 , the tension stress in the end por- 
tions of the shadow mask is a 2, and the tension stress 
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In the Intermediate portions (two portions for the right 
and left) between the center portion and the end por- 
tions of the shadow mask is a 3. the inequalities (2) to 
(4) below preferably are satisfied 

a3 glial. (2) 

a2 2 a 1, and (3) 

a 3 g o 2. (4) 

[0059] Fig. 8 shows an example of this embodiment. 
This figure shows the vibration modes when the tension 
stress a 2 at the both end portions is 100 %. the tension 
stress a 1 at the center portion is 80 %, and the tension 
stress a 3 at the intermediate portions between the 
center portion and the end portions is 140 %. The defi- 
nition of the mode and the method of the illustration are 
the same as in Rg. 2. 

[0060] As is evident from Fig. 8, a vibration pattern in 
which the shadow mask does not vibrate in the end por- 
tions also was not developed up to the seventh-order 
mode in this embodiment. According to an analysis 
result, even in the tenth-order mode, the pattern in 
which the shadow mask does not vibrate at the end por- 
tions was not developed. Thus, it is understood that 
vibration of the shadow mask also can be decreased in 
the case of the distribution of tension stress of this 
embodiment that satisfies the inequalities (2) to (4). 
[0061] The inventors actually produced a color cath- 
ode-ray tube of 33 type (78 cm) and a color cathode-ray 
tube of 29 type (68 cm) to be provided for measure- 
ments. According to the results of the measurement, the 
cathode-ray XiJbe of the second embodiment exhibited 
the smallest vibration, and also the cathode-ray tube of 
the first embodiment had no problem in practice. How- 
ever, in the case of a color cathode-ray tube having a 
relationship of o Isa 2 or a 1<o 2, vibration of the 
shadow mask caused by a vibration of a speaker posi- 
tioned acjQacent to the color cathode-ray tube appeared 
on the image plane, and the image quality became 
unsuitable for practical use. 

[0062] Moreover, although the case having a relation- 
ship of a 2 g a 1 has been described in tiie above sec- 
ond embodiment, it is not limited to this case. And it was 
confirmed that even in the case having a relationship of 
o 2 < o 1, when there is a distribution of tension stress 
having a maximum value in the intermediate portions 
between the center portion and the end portions of the 
image plane, the vibration of the shadow mask can he 
decreased to a level with no practical problem. 
[0063] Moreover, altiiough only the resonance points 
at which a vibration larger than the acceleration of add- 
ing vibrations have been investigated by mode analysis 
in the above first and second emtxxjiments, according 
to an experiment conducted by the inventors, it was con- 
firmed that the display image is adversely affected by a 
vibration added to the shadow mask from a speaker 



positioned adjacerrt to the shadow mask only at the res- 
onance points at which the acceleration of response 
becomes larger than tiie acceleration of adding vibra- 
tion. Therefore, it was confirmed that it is practically suf- 

5 f icient to determine the vibration of the shadow mask in 
the analysis of modes in which a vibration larger, than 
the acceleration of adding vibrations is generated. 
[0064] With respect to the frequency of a vibration, a 
vibration caused by a sound signal generated by a 

10 speaker ranges from 20 to 20.000 Hz. However, as the 
frequency increases, the amplitude of the vibration 
decreases in inverse proportion to the square of the fre- 
quency. Therefore, it is practically enough to analyze 
only vibrations of low frequencies. Thus, it is considered 

75 to be sufficient to investigate the vibration modes of up 
to the seventii-order. 

[0065] Moreover, in the analysis of the vibration mode 
in the first and second embodiments, the number of the 
order was not determined for an apparently defective 

20 mask that generates wrinkles, or a mask having small 
protrusions at its peripheries, or the like. That is, when 
the shadow mask has a portion with a considerably 
weaker tension stress than other portions (in this case, 
the surface of the shadow mask of that portion becomes 

25 wrinkled), or when the shape of the shadow mask is 
irregular, only that portion with a weaker tension stress 
or the protrusions is vibrated at low frequencies. How- 
ever, such specific conditions could not be considered, 
because the vibration analysis In the above embodi- 

30 ments of the present invention was performed for the 
. entire surface of the shadow mask. 
[0066] Furthermore, the shadow mask may have a 
perfectly flat surface or a so-called cylindrical surface 
that curves only in the direction of the long side. Moreo- 

35 ver, the apertures for passing electron beams formed in 
the mask of a flat plate may t>e of dot or slot type. 
[0067] Moreover, distribution of varied tension stress 
in the shadow mask may be accomplished easily by 
known means such as by controlling the stretching 

40 machine when the shadow mask is stretched in the 
frame. 

Third Embodiment 

45 [0068] Fig. 9 shows a perspective view of the shadow 
mask part according to the third embodiment This fig- 
ure shows a condition in which a shadow mask 10 is 
stretched and fixed in a mask frame 11. In this embodi- 
ment, the one-dimensional tension method is employed. 
so and a tension stress is applied to the shadow mask 10 
in the up-and-down direction as in the first and second 
embodiments. This Is also the same In the fourth 
through sixth embodiments mentioned below. 
[0069] Vibration attenuators 13 formed of elastic bod- 
65 ies are in contact with the side surfaces of the shadow 
mask 10. End portions 13a of the vibration attenuiators 
13 are fixed to the mask frames 1 la by weUing or the 
like. Fig. 10(a) illustrates a aoss-sectional view taken 
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along the line I - I of Fig. 9 to show the relationship 
between the side surface of the shadow mask 10 and 
the vibration attenuator 13. 

[0070] Vibration of the shadow mask 10 is attenuated 
as the shadow mask 1 0 slides up and down In the direc- 5 
tion of the arrow (a) on a side 1 3b of the vibration atten- 
uator 13. Vibration is attenuated by such a sliding 
because vibration energy is consumed by friction due to 
the sliding. Therefore, in this embodiment, vibration 
energy is absorbed by the vibration attenuator 13 Itself. 
Thus, it Is not particularly necessary to connect a sec- 
ond vibration attenuator to the vibration attenuator 13, 
and vibration of the shadow mask 10 can be attenuated 
with a simple structure. 

[0071 ] It is preferable that a certain amount of force Is 
applied in the direction of the arrow (b) to ensure the 
sliding of the shadow mask 10 on the vibration attenua- 
tor 13. It is also preferable that this force is In the range 
of 0.3 to 3.0 gf. This range is preferable because of the 
following reasons: If the force is less than 0.3 gf, a fric- 
tional force necessary for the attenuation ts hard to 
ensure. On the other hand. If the force is more than 3.0 
gf, the frictional force becomes too strong, so that the 
end portions of the shadow mask 10 may be fixed. In 
this case, the end portions become the nodes of vibra- 
tion, and the vibration is transferred to the center portion 
of the shadow mask 10. thus making the vibration even 
larger. 

[00721 It is not necessary to provide a special means 
to apply such a force, and the spring effect of the vibra- 
tion attenuator 13 may be utilized. For example, white 
the vibration attenuator 13 has a standing portion 
formed in the vertical position as an Independent prod- 
uct, the end portion 13a is fixed to the frame 11a in a 
position such that the standing portion is Inclined as 
illustrated in Fig. 10(a) in an assembly. 
[0073] Moreover, Fig. 10(a) shows an embodiment in 
which the vibration attenuator 13 is in contact with the 
side surface of the shadow mask 10. However, as 
shown in Fig. 10(b). the vibration attenuator 13 also may 
be inserted through a hole 14 formed in the end portion 
of the shadow mask 10. In this case, the same effect 
also can be obtained because the shadow mask 10 can 
slide on the side 13b of the vibration attenuator 13 in the 
portion of the hole 14.. 

[0074] Furthermore, as shown with a two-dot chain 
line in Fig. 10(b). a predetermined dead weight 20 may 
be provided at the free end of the vibration attenuator 
13. In this case, the tn-plane force applied to the shadow 
mask 10 through the vibration attenuator 13 can be 
adjusted relatively easily with the dead weight. The 
position of the dead weight is not limited to the free end 
of the vibration attenuator 13. and the dead weight also 
may be provided at the intermediate portion of the vibra- 
tion attenuator 13. 

[0075] Furthermore, although the part of the vibration 
attenuator 13 in contact with the side surface of the 
shadow mask 1 0 is a flat plate in the examples shown in 



Figs. 9 and 10. it also may have a rod-shape such as a 
cylinder or square pole. 

[0076] Moreover, by combining the vibration attenua- 
tor of this embodiment with the shadow mask having the 
above-mentioned distribution of tension stress of the 
first and second emtxxliments, vibration generated at 
the end portions of the shadow mask can be absoibed. 
And due to the multiplier effect of them, the amplitude of 
the shadow mask can be decreased, and also the vibra- 
tion of the shadow mask can be absorbed within a short 
time. Thus, adverse effects on the image display 
exerted by vibration of the shadow mask can be can- 
celled almost completely 

[0077] That is, in this case, vibration generated in the 
shadow mask is positively concentrated on the end por- 
tions to attenuate the vibration by the vibration attenua- 
tors. Thus, it is considered that even if vibration is 
generated in the shadow masK it can be attenuated 
rapidly. 

Fourth Embodiment 

[0078] Rg. 1 1 shows a perspective view of a shadow 
mask part according to the fourth embodiment. Vibra- 
tion attenuators 15 are attached to the fight and left end 
portions of the shadow mask 10, that is, the portions in 
which apertures 12 for passing electron beams are not 
formed In the shadow mask 10. The vibration attenua- 
tors 15 are ring-shaped, and are Inserted through holes 
16 formed in the shadow mask 10. Also, the diameter of 
the holes 16 is somewhat larger than the diameter of the 
vibration attenuators 1 5. Therefore, the vibration attenu- 
ators 15 are not adhered to the shadow mask 10 at any 
portion, and are movable while in the condition of being 
attached to the shadow mask 10. 
[0079] Therefore, when the shadow mask 1 0 vibrates, 
the vibration attenuators 15 hardly move integrally with 
the shadow mask 10. but vibrate independently from the 
shadow mask 10. That is. the vibration attenuators 15 
vibrate while repeating contacting and sliding with the 
shadow mask 10 or temporarily being separated tfiere- 
from while rotating. The vibration energy of the shadow 
mask 10 is consumed by friction due to the contact and 
sliding between the shadow mask 10 and the vibration 
attenuators 15. 

[0080] Accordingly, vibration energy is absorbed by 
the vibration attenuator 15 itself as in the third embodi- 
ment. Thus, it is not particularly necessary to connect a 
second vibration attenuator to the vibration attenuator 
1 5, and vibration of the shadow mask 10 can be attenu- 
ated with a simple structure. 

[0081 ] FurthernK>re. the attenuating effect of the vibra- 
tion attenuator 15 can be adjusted easily by varying the 
mass of the vibration attenuator 15. Specifically, it is 
preferable that the mass of the vibration attenuator is in 
the range of 0.02 to 5.0 g. This range is preferable 
because of the following reasons: H the mass of the 
vibration attenuator is less than 0.02 g, a frictional force 
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necessary for the attenuation is hard to ensure. On the 
other hand, if the mass is more than 5.0 g, vibration of 
the attachment portion may be restrained from the 
beginning. In this case, the end portions become nodes 
of vibration, and the vibration is transferred to the center 
portion of the shadow mask 10, thus making the vibra- 
tion even larger. 

[0082] Moreover, although an example in which the 
vibration attenuator is attached to the end portions of 
the shadow mask 10. that is, the portions in which aper- 
tures for passing electron beams are not formed, has 
been described in this embodiment, the vibration atten- 
uator also may be attached to a portion in which aper- 
tures for passing electron beams are formed. In this 
case, it is necessary that the vibration attenuator is 
attached at any place in that portion other than the aper- 
tures for passing electron beams in the shadow mask, 
so that the display image of the color cathode-ray tube 
may not be affected. Thus, the size of the vibration 
attenuator becomes limited, and the processing of the 
attachment also becomes difficult. However, this can be 
applied not only in a shadow mask using one-dimen- 
sional tension, but also in a shadow mask using two- 
dimensional tension in which the side surfaces of the 
shadow mask are fixed by wekJing, and in which the 
vibration attenuator of the above third embodiment is 
difficult to use. 

[0083] Moreover, in the case of an aperture grill type 
in which each of the thin elements are not directly con- 
nected with each other, by providing the vibration atten- 
uator of this embodiment to all the thin elements or to 
every certain number of them, vibration of the entire sur- 
face of the shadow mask can be decreased effectively. 
In this case, particularly, there is a benefit in that vibra- 
tion of the thin elements at the center portion of the 
shadow mask can be avoided effectively. 

Fiflh Emtwlim^nt 

[0084] Fig. 12 shows a perspective view of the 
shadow mask part according to the fifth embodiment. In 
this embodiment, although the basic method of attach- 
ing a vibration attenuator to a shadow mask 10 is the 
same as in the fourth embodiment, the shape of the 
vibration attenuator is different from that of the fourth 
embodiment. 

[0085] In this embodiment, vibration attenuators 18 
are frame-shaped, and each of the vibration attenuators 
18 are inserted through two holes 19 formed in the 
shadow mask 10. In this embodiment, the same attenu- 
ating effect as in the fourth embodiment can be 
obtained. That is, when the shadow mask 10 vibrates, 
the vibration attenuators 18 vibrate while repeating con- 
tacting and sliding with the shadow mask 10 or tempo- 
rarily being separated therefrom. The vibration energy 
of the shadow mask 10 is consumed by friction due to 
the contacting and sliding between the shadow mask 10 
and the vibration attenuators 18. 



[0086] The attenuating effect by the vibration attenua- 
tors 18 can be adjusted easily by varying the mass of 
the vibration attenuators 18. Furthermore, a dead 
weight may be attached to the vibration attenuators 18. 
5 for example, at their the top ends, to increase their 
masses. Preferable the range of the mass of the vibra- 
tion attenuators and the reasons thereof are the same 
as in the fourth embodiment. 

[0087] Furthermore, it is also the same as in the fourth 
10 embodiment that the vibration attenuator of this embod- 
iment may be used in a shadow mask with a two-dimen- 
sional tension or in a shadow mask of aperture grill 
type. 

[0088] Moreover, the frame-shaped vibration attenua- 
15 tor is not limited to the shape with an open portion as 
illustrated in Rg. 12. and it also may have a closed 
shape. FurthernfK>re, it may be plate-shaped or rod- 
shaped. 

[0089] Furthermore, in the above fourth and fifth 
20 embodiments, as long as an attachment in such a way 
that the vibration attenuator may not drop off is enabled, 
the hole for passing the vibration attenuator through 
does not need to have a shape with its inner peripheral 
being closed completely. That is. the hole does not need 
25 to have a shape that surrounds the vibration attenuator 
completely. For example, the vibration attenuators also 
may be attached to cut-out portions which are formed 
into the effective surface from both side surfaces of the 
shadow mask. 

30 

gixth Embodiment 

[0090] Fig. 13 shows a perspective view of the 
shadow mask part according to the sixth embodiment. 
35 This embodiment Is different from the fourth emkxxii- 
ment in that a second vibration attenuator 17 is attached 
to the ring-shaped vibration attenuator 15. In the fourth 
embodiment, because the ring-shaped vibration attenu- 
ator 15 has the effect of ak)Sorbing vibration energy in 
40 itself, it was not always necessary to connect it with a 
second vibration attenuator. This embodiment is applied 
when it is desired to further improve the effect of atten- 
uating vibration. 

[0091] Fig. 14 is a cross-sectional view taken along 
45 the line II - II of Fig. 13 to show the relationship between 
two types of vibration attenuators. The cross section of 
the hole 16 is also shown by overlapping with the draw- 
ing to make the understanding of the attachment struc- 
ture easier. The attachment structure and the effect of 
so the ring-shaped vibration attenuator 1 5 are the same as 
in the fourth embodiment, so that the explanations 
thereof are omitted. 

[0092] A hook-shaped attenuator 1 7 with an angular 
end is attached to the ring-shaped vibration attenuator 
55 15 in such a way as if hanging to it. One end 1 7a of the 
vibration attenuator 1 7 is fixed to the mask frame 1 1 a by 
welding or the like. 

[0093] As the Shadow mask 10 vibrates, the ring- 
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shaped vibration attenuator 15 also vibrates, attenuat- 
ing the vibration. The attenuated vibration is further 
attenuated by the vibration attenuator 1 7. The attenuat- 
ing effect by the vibration attenuator 1 7 Is the same as 
in the case between the shadow mask 10 and the ring- 5 
shaped vibration attenuator 15. That is. the vibration 3. 
energy of the ring-shaped vibration attenuator 1 5 is con- 
sumed by the friction due to the contacting and sliding 
with the vibration attenuator 17. 

[0094] Although a second vibration attenuator is sep- 10 
arately provided in this embodiment, the material of the 4. 
second vibration attenuator may be the same as that of 
the ring-shaped vibration attenuator. Moreover, no spe- 
cial processing is required to combine both of the vibra- 
tion attenuators. Thus, the cost does not increase is 
significantly, and the structure is still simple enough. 
[0095] Moreover, although a hook-shaped menrrber 
with an angular end has been described as a second 
vibration attenuator in this embodiment, as long as it 
has a shape and location that enable to bring both of the 20 
vibration attenuators in contact with each other without 5. 
being adhered, it may be plate-shaped or rod-shaped, 
and its end may be L-shaped or semi-drcular. 
[0096] Moreover, aKhbugh an example in which a sec- 
ond vibration attenuator Is used together with the ring- 25 
shaped vibration attenuator according to the fourth 6. 
embodiment has been described in this embodiment, 
the frame-shaped vibration attenuator according to the 
fifth embodiment also may be used in combination. 
[0097] Furthermore, in the above fourth through sixth 30 
embodiments, by combining them with the shadow 
mask having a distribution of tension stress as in the 
above first and second embodiments in the same way 
as in the third embodiment, the vibration generated at 
the end portions of the shadow mask can be absorbed. 35 
Also, according to their muK^lier effects, the amplitude 
of the shadow mask can be deaeased and also its 
vibration can be absorbed within a short time. Thus, any 
adverse effects on the display image exerted by vibra- 
tion of the shadow mask can be canceled ainwst com- 40 
pletely. 

7. 

Claims 

1. A color cathode-ray tube comprising a frame- 45 
shaped mask frame and a shadow mask in which 
many slot or dot apertures are formed in a flat plate, 
the shadow mask being stretched and fixed in the 
mask frame in a condition in whtoh a tension force 

is applied in one direction, wherein an amplitude in so 

an end portion of the shadow mask is not less than 

a certain amount relative to an amplitude in a 8. 

center portion of the shadow mask, in a vibration 

mode of a seventh or less order for a resonance of 

the shadow mask caused by a vibration propagated ss 

to the color cathode-ray tube. 

9. 

2. The color cathode-ray tube according to claim 1. 



wherein an arrplitude in the end portion of the 
shadow mask is not less than 20 % with respect to 
an amplitude in the center portion of the shadow 
mask. . 

The color cathode-ray tube according to claim 1, 
wherein a tension stress in the center portion of the 
shadow mask is larger than a tension stress in the 
end portion of the shadow mask. 

The color cathode-ray tube according to claim 3, 
wherein when the tension stress in the center por- 
tion of the shadow mask is a 1 and the tension 
stress in the end portion of the shadow mask is a 2. 
an inequality 



a 1 25 1.1 a2 



is satisfied. 



The color cathode-ray tube according to claim 1, 
wherein there is a maximum value of tension stress 
between the center portion arxi the end portion of 
the shadow mask. 

The color cathode- ray tube according to claim 5, 
wherein when the tension stress in the center por- 
tion of the shadow mask is a 1 . the tension stress in 
the end portion of the shadow mask is a 2, aiKl the 
tension stress in an intermediate portion between 
the center portion and the end portion is a 3. ine- 
qualities 

a3 1.1 o 1. 
a2 ^ a Land 
a3 ^ a2 

are satisfied. 

A color cathode-ray tube comprising a shadow 
mask and a mask frame for fixing the shadow mask, 
the shadow mask being fixed in the mask frame in 
a condition in which a tension is applied, which is 
provided with a vibration attenuator that is in con- 
tact with an end portion of the shadow mask and 
formed of an elastic body, and in which vibration of 
the shadow mask is attenuauted as the shadow 
mask slides on the vikxation attenuator. 

The color cathode-ray tube according to daim 7. 
wherein the vibration attenuator is in contact with 
the end portion of the shadow masK applying an in- 
plane force to the shadow mask. 

The color cathode-ray tube according to daim 8. 
wherein a dead weight for adjusting an effect of 
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attenuating vibration of tlie shadow mask is 
attached to the vibration attenuator. 

10. The color cathode-ray tube according to claim 8, 
wherein the in-plane force is in the range of 0.3 to s 
3.0 gf. 

11. The color cathode-ray tube according to claim 7, 
wherein the vibration attenuator is in contact with a 
side surface of the shadow mask. io 

12. The color cathode-ray tube according to claim 7, 
wherein the vibration attenuator is inserted through 
a hole formed in the end portion of the shadow 
mask. 15 

13. The color cathode-ray tube according to claim 7, 
wherein the shadow mask is a flat plate in which 
many slot or dot apertures are formed, and in which 

a tension is applied in one direction. 20 

14. The color cathode-ray tube according to claim 7. 
wherein an amplitude in an end portion of the 
shadow mask is not less than a certain amount rel- 
ative to an amplitude in a certter p^Drtion of the 25 
shadow masK in a vibration mode of a seventh or 
less order for a resonance of the shadow mask 
caused by a vibration propagated to the color cath- 
qde-ray tube. 

- 30 

15. A color cathode-ray tube comprising a shadow 
mask and a mask frame for fixing the shadow mask, 
the shadow mask being fixed in the mask frame in 
a condition in which a tension is applied, which is 
provided with a first vibration attenuator attached to 3S 
the shadow mask, and in which the first vibration 
attenuator does not have any portion adhering to 
the shadow mask and also is movable. 

16. The color cathode-ray tube according to claim 15. 40 
wherein the first vibration attenuator is inserted 
through a hole formed in the shadow mask. 

17. The color cathode-ray tube according to claim 15, 
wherein the first vibration attenuator is a ring- 45 
shaped member. 

18. The cotor cathode-ray tube according to cidim 15. 
wherein the first vibration attenuator Is a frame- 
shaped member. so 

19. The color cathode-ray tube according to claim 15. 
wherein the mass of the first vibration attenuator is 
In a range of 0.02 to 5.0 g. 

55 

20. The color cathode-ray tube according to claim 15, 
wherein the first vibration attenuator is attached to a_ 
portion of the shadow mask where no aperture for 



passing ari electron beam Is forrhed. 

21. Ttie color cathode-ray tube according to claim 15, 
wherein the first vibration attenuator is attached to a 
portion of the shadow mask where a aperture for 
passing an electron beam is formed. 

22. The color cathode-ray tube according to claim 15, 
which is provided with a second vibration attenuator 
other than the first vibration attenuator for attenuat- 
ing vibration of the first vibration attenuator by con- 
tacting with the first vibration attenuator when the 
first vibration attenuator is vibrating. 

23. The color cathode^ray tube according to claim 15, 
wherein the shadow mask is a flat plate in which 
many slot or dot apertures are formed and a ten- 
sion is applied in one or two directions. 

24. The color cathode-ray tube according to claim 15, 
wherein an amplitude in an end portion of the 
shadow mask is not less than a certain amount rel- 
ative to an amplitude in a center portion of the 
shadow mask, in a vibration nfKxJe of a seventh or 
less order for a resonance of the shadow mask 
caused by a vibration propagated to the color cath- 
ode-ray tube. 
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